
N A S A  

*o 
N 
m 

e 
U 

I 

C O N T R A C T O R  
R E P O R T  

EFFECTS OF ELECTRON RADIATION 
ON UNIJUNCTION  TRANSISTORS 



TECH LIBRARY KAFB, NM 

0099425 

NASA CR- 526 

EFFECTS  OF ELECTRON RADIATION 

ON UNIJUNCTION  TRANSISTORS 

By H. L. Flescher  and  E. A. Szymkowiak 

Distribution of this report is provided  in  the  interest of 
information  exchange.  Responsibility  for  the  contents 
resides  in  the  author  or  organization  that  prepared it. 

Prepared  under  Contract No.  NAS 5-3734 by 
MARTIN-MARIETTA CORPORATION 

. Baltimore, Md. 

' for Goddard'Space Flight  Center 
("1 r j j & , ; ~ & . +  (A?, & d&[-,<,( ,; (- ,,&i* L 2 - j  f-"J.'.cdy: 

/) , / t l&c  .; &3 I 

NATIONAL AERONAUTICS AND  SPACE ADMINISTRATION 
_ _ _ ~ ~  
For  sale by the Clearinghouse for Federal  Scientific  and  Technical  Infarmation 

Springfield,  Virginia 22151 - Price $3.00 





This test report was prepared by the Martin Company, a  Division of 
Martin Marietta Corporation, Baltimore, Maryland, on  National Aeronautics 
and Space  Administration  Contract NAS5-3734, Work Order No. 716-W89495. 
The  work  was administered under  the  technical  direction of Frederick Gordon, 
Radiation Effects Group, NASA-Goddard,  Greenbelt, Maryland. The work was 
performed by personnel  from the Radiation  Physics Section of Martin-Baltimore 
over the period 21 February - 29 April 1966. The  measured data are re- 
corded in Martin Engineering  Laboratories  Notebook No. 7145. 

iii 





CONTENTS 
SiaE 

L i s t O f T a b l e 8  . . . . . . . . . . . . . . . . . . . . . . . .  ~ V i i i  

I . Introduct ion . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

I1 . Sumnary . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

111 . Device  Description . . . . . . . . . . . . . . . . . . . . . . .  6 

I V  . Testing Methods . . . . . . . . . . . . . . . . . . . . . . . .  8 

A . Pre and Post   I r radiat ion Measurements . . . . . . . . . . .  8 

1 . Interbase  Resistance (RBB) . . . . . . . . . . . . . . .  8 
2 . I n t r i n s i c  Stand-off  Ratio (7 . )  . . . . . . . . . . . . .  8 

4 . Emitter  Reverse  Current (Ieo? . . . . . . . . . . . . .  8 
3 . Peak Point Emitter Current (Ip) . . . . . . . . . . . . .  8 

5 . Valley  Voltage (V,,). Peak Point  Voltage (V,). and Emitter 
Saturation  Voltage  (vE  (sat)) . . . . . . . . . . . . .  8 

B . I n  S i tu  Measurements . . . . . . . . . . . . . . . . . . . .  8 

C . Dosimetry . . . . . . . . . . . . . . . . . . . . . . . . .  9 

D . Equipment L i s t  . . . . . . . . . . . . . . . . . . . . . . .  9 

V . MeasuredData . . . . . . . . . . . . . . . . . . . . . . . . .  15 

V I  . Data  Analysis . . . . . . . . . . . . . . . . . . . . . . . . .  41 

A . 2N167l.B . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

V 



1 

LIST OF  ILLUSTRATIONS 

Typica l  Cha rac t e r i s t i c  Curve for   Unijunct ion  Transis tor  . . . . 6 

2 

3 

I 

5 

9 

10 

11 

1 2  

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

2 2  

Test C i r c u i t  f o r  Measuring Interbase  Resistance . . . . . . . . 10 

Tes t   Ci rcu i t   fo r  Measurement o f   I n t r i n s i c  Stand-off  Ratio . . . 10 

Test C i r c u i t   f o r  Measurement of Peak Point Emitter Current . . 11 

Test Circuit f o r  Measuring Emitter  Reverse  Current . . . . . 11 

Test C i rcu i t   fo r  Measuring Vv, Vp, and VE (sat)  . . . . . . . 12  

Block  Diagram of In Si tu  Test Set Up l2 

Schematic Diagram of  Control  Panel  for Test . . . . . . . . . . 13 

Interbase  Resis tance (RBB) versus  Electron  Fluencefor 2N1671B . 42 

Valley  Voltage (V,,) versus  Electron  Fluence  for 2N1671B . . . . 43 

Peak Point  Voltage (V ) versus  Electron  Fluence  for 2N1671B . . 44 

Emitter  Saturation  Voltage (VE (sat)  ) versus  Electron  Pluence 
f o r . 2 N 1 6 7 1 B . . .  . . . . . . . . . . . . . . . . 45 

P 

Intr insic   Standoff   Rat io  (7~ ) versus Electron  Fluence  for 
2 ~ 1 6 7 1 B . . . . . . o o . . . . * . . . * . . . o . . . . . . o  46 

Interbase  Resistance (RBB) versus  Electron  Fluence  for 2N3980 . 47 

Valley  Voltage (Vv) versus  Electron  Fluence  for 2N3980 . . . . 48 

Peak Point  Voltage (Vp) versus  Electron  Pluence  for 2N3980 . . 49 

Emitter  Saturation  Voltage W E  (sat)   versus  Electron  Fluence  for 
2N3980 . . .  . . . . o . . . . . . . . . . . . . e o . . . o o  50 

In t r ins ic   S tandoff   Rat io  ( q  versus  Electron  Fluence  for 2N3980 51 

Interbase  Resis tance (RBB) versus  Electron  Pluence  for 213484 . 5 2  

Valley  Voltage (V,) versus  Electron  Fluence  for 2N3484 . . . . 53 

Peak Point  Voltage (V,) versus  Electron  Fluence  for 2N3484 . . 54 

Emitter Saturation  Voltage (VE (sat))   versus  Electron  Fluence 
€or  2N3484 . . . . . . . . . . . . . . . . . . . . . 55 

vi 



LIST OF ILLUSTRATIONS  (CONT.) 

& 

23 Intrinsic Standoff  Ratio (7 versus  Electron  Fluence for 
233484. ........................... 56 

24 Emitter  Current versus Emitter Voltage  €or 2N3484 #6 a t  Zero 
Volt  Bias . . . . . . . . . . . . . . . . . . . . . . . . . .  57 

vi i 



LIST OF TABLES 

. Tab le &g& 

la Unijunction Transistors Tested . . . . . . . . .  . . . .  1 

lb Summary of Measured Results . . . .  . . . . .  . . . .  4 

IC Catastrophic Failure Summary . . . . . . . . . . . . . . . .  5 

2 Basic Device Characteristics . . . . . . . . . . . . . . . . .  7 

. . . . . . . .  3 Electron Fluxes and Fluences Used (E = 1.5 MeV) 14 

4 Preirradiation Data on 2N1671B Devices at  1OV Bias . . . . . . .  16 
5 Preirradiation Data on 2N3980 Devices at  1OV Bias . . . . . . .  17 
6 Preirradiation Data on 2N3484 Devices at  LOV Bias . . . . . . .  18 
7 IN SITU Data on 2N1671B (Devices 4. 5 and 6) Exposed at OV Bias 

and Measured at  1OV Bias . . . . . . . . . . . . . . . . . . . .  19 
8 IN SITU Data on 2N3980 (Devices 4. 5 and 6) Exposed at  OV Bias 

and Measured at  1OV Bias . . . . . . . . . . . . . . . . . . .  21 
9 IN SITU Data on 2N3484 (Devices 4. 5 and 6) Exposed at ov Bias 

and Measured at  1OV Bias . . . . . . . . . . . . . . . . . . .  23 
10 IN SITU Data on 2N1671B (Devices 7. 8 and 9) Exposed at  12V Bias 

and Measured at  1OV Bias . . . . . . . . . . . . . . . . . . .  25 
11  IN SITU Data on 2N3980 (Devices 7. 8 and 9) Exposed at  12V Bias 

and Measured at  1OV Bias . . . . . . . . . . . . . . . . . . .  27 
12  IN SITU Data on 2N3484 (Devices 7. 8 and 9) Exposed at  12V Bias 

and Measured at  1OV Bias . . . . . . . . . . . . . . . . . . .  29 
13 IN SITU Data on 2N1671B (Devices 10. 11 and 12) Exposed at  20V 

Bias and Measured .. 1OV Bias . . . . . . . . . . . . . . . . .  31 
14 IN SITU Data on 2N3980 (Devices 10. 11 and 12) Exposed at  20V 

Bias and Measured at  1OV Bias . . . . . . . . . . . . . . . . .  33 
15 IN SITU Data on 2N3484 (Devices 10. 11 and 12) Exposed at  20V 

Bias and Measured at  1OV Bias . . . . . . . . . . . . . . . . .  35 
16 Post Irradiation Measurements on 2N1671B at  1OV Bias . . . . 37 
17 Post Irradiation Measurements on 213980 at  1OV Bias . . . . . .  38 
18 Post Irradiation Measurements on 2N3484 at  1OV Bias . . . . . .  39 
19 

viii 



EFFECTS  OF ELECTRON RADIATION 

ON IJNIJUNCTION TRANSISTORS 

I INTRODUCTION 

A repor t  is given which covers a ten week e f f o r t   t o  measure t h e   e f f e c t s   o f  
1.5 Mev e l ec t ron   r ad ia t ion  on the   t e rmina l   charac te r i s t ics   o f   se lec ted   un i -  
j unc t ion   t r ans i s to r s .  The  devices   re lec ted  which r e f l e c t  NASA-Goddard i n t e r e s t s  
a re   ident i f ied   in   Table  1. The e l e c t r o n   i r r a d i a t i o n s  were  conducted a t   t h e  

Table la. Unijunction  Transistors  Tested 
~. - 
" " 

Type No. " ~ - Manufacturer No. of Samples 

2N 167 1 B  Texas Instrument 1 2  

2N3980 Texas Instrument 1 2  

2N3484 Motorola 1 2  

Goddard 1.5 Mev  Van de Graaff  Accelerator  Facil i ty.  Measurements  were made be- 
fore  and a f t e r   i r r a d i a t i o n  and se lec ted   in -s i tu  rn asureme s were made a f t e r  ex- 
posure  to   e lectron  f luence  levels   in   the  range lop2 t o  10'' electrons/cn2.  

The twelve  samples  of  each  unijunction  transistor  type were divided  into 
four  groups  of  three  parts  each:  group no. 1 was for   cont ro l ,   g roup  no. 2 was 
i r r ad ia t ed   a t   ze ro   b i a s ,   g roup  no. 3 was i r r a d i a t e d   a t  one  bias level, and  group 
no. 4 w a s  i r r a d i a t e d   a t  a second  bias  level.  The pre-and post- i r radiat ion 
measurements  on  each par t  type  included: 

R~~ 
VV 

Interbase  Resis tance 
Valley  Voltage 
Peak Point  Voltage 
In te rbase  Modulated Current 
Emitter Saturation  Voltage 

h- - - ~ -  I n t r i n s i c  Stand-off Ratio 
Emitter Reverre  Current 
Peak Point Emitter Current 

I 



The in-situ measurements included RBB, Vv, V p 9  -q, and 'E (sat). 
The following sections of this report present a description of the de- 

vices tested, test methods, a  tabulation of measured data, a  presentation 
of selected  data in graphical-form, and a summary of the  significant  results 
of the measurements program. 
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11. SUMMARY 

This section rumnuriter  the  ten week experimental program to mearure  the 
effect.  of 1.5 MeV e l ec t ron   r ad ia t ion  on se lec ted   un i junc t ion   t rans is tors .  
Three  type8  of  unijunction tranrirtorr (12 of  each  type) were t e s t e d  (2N1671B, 
213980,  233484) covering grown, planar,   and  annular  construction,  respectively.  
Three  devices of each  type were i r r a d i a t e d  a t  b i a s  levelr (Bare 2 - Bare 1, 
emitter. open)  of 0 V O l t 8 ,  1 2  v o l t s ,  and 20 vo f t r .  The addi t iona l   th ree   devices  
of  each  type were ured as cont ro l r .  The i r r ad ia t ed   dev ic  8 were ex  osed to  
e l e c t r  n f l u e  ce l eve l r   o f  1012, 1014, 1015, 3 x 10f5, 5 x 10 P 5, 7 x loL5, 
and lop6 e/cm' (E = 1.5 MeV) as mutually  agreed by F. Cordon (NASA-Goddard) 
and X. Flescher (Martin). 

The unijunction  device  parameters  monitored  before and a f t e r   i r r a d i a t i o n  
include: (1) i n t e r b a r e   r e s i s t a n c e  (RBB); (2 )   va l ley   vo l tage  (Vv); (3)  peak 
point   vol tage (V ); (4) emitter sa tu ra t ion   vo l t age  (VE ra t ) ) ;  ( 5 )  i n t r i n s i c  
s t andof f   r a t io  fq ); (6)  interbase  modulated  current ( I ~2 (mod)); ( 7 )  emi t t e r  
reverse   current   ( Ieo) ;  and (8) peak poin t   emi t te r   cur ren t  (Ip). The in-s i tu  
measurements  included  parameters 1 through 5 above as a funct ion  of   bias   level  
during  exposure and electron  f luance.  It was or ig ina l ly   in tended   tha t  I B ~  (mod) 
be  measured in-situ  but  the  recorded  data  did  not  yield  information on t h i s  
parameter  as  originally  planned. A l l  t e rmina l   cha rac t e r i s t i c s  were  measured 
a t  a bias   l eve l   o f  10 vol t s   to   p rovide  a common comparison for  the  experimental  
data.  

The measured da ta   a re   t abula ted   in   Sec t ion  V and presented  graphical ly   in  
Section V I  of t h i r  test report .   Table   lb   presents  a summary of   the  general  ob- 
s e rva t ions  made on  each par t   parameter .   In   genera l ,   th i s   t ab le   sugges ts   tha t  
s i g n i f i c a n t  changes, with some b i a s  dependence, in   the  parameters  measured 
a t   l e v e l s  which  range  from  about 5 x 1014 t o  1 :cy~f5  e/cm2 (E = 1.5 MeV) f o r  
the  devices   tes ted.  A s  s t a t e d   i n   t h e   t a b l e   t h i s  judgment is made without  regard 
to   pa r t   app l i ca t ion .   Ca ta s t roph ic   f a i lu re ,  on the   o the r  hand, is a s t ronger  
funct ion  of   bias  as evidenced by the  summary information  in  Table IC. Here 
c a t a s t r o p h i c   f a i l u r e  is i d e n t i f i e d  by the  disappearance  of   the  val ley  vol tage (Vv), 
t h e   p a r t  no  longer  performing  as a unijunction  device. Also from  Table IC the 
data   sugges t   tha t   the  grown junct ion  constructed  device (2N1671B) is suscep t ib l e  
t o   c a t a r t r o p h i c   f a i l u r e   a t  an electron  f luence  level   lower   than  that   for   the 
annular   planar  (2N3484) and  the  diffused  planar  (2N3980) constructed  devices.  

From the   da t a   p re sen ted   i n   t h i s   r epor t  it i r  expected  that   the   three  device 
types   t es ted   could   p robably   be   used   sa t i s fac tor i ly  a t  e lec t ron   f luence   l eve ls  
ranging t o  about 5 x 1014  e/cm . For app l i ca t ions  where 8-11 change8 i n  se- 
lected  uni junct ion aramet rs are c r i t i c a l  o r  where electron  exposure  levels  
grea te r   than  5 x lop4 e/cr5 are expected,then  additional  testing is suggested. 
The purpore of such   tes t ing  would be to  i d e n t i f y  more quan t i t a t ive ly   t he   b i a s  
dependence  and  magnitude  of  response  of  unijunction t e m i n a l   p r o p e r t i e s   u s i n g  a 
sample s i z e   l a r g e r   t h a n   t h r e e   f o r   r e a s o n s   o f   b e t t e r   r t a t i s t i c r .  

2 
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Table  lb. Sunmary of Measured Results 

Approximate  Fluence 
Figure  Apparent  Level Where 

Part No. Parameter Bias Dependence  Change in   S iRni f icant  

2N3 484 .23 31 None observed 0.3 - 1 X 10 

2 2  0.3 - 1 X 10 

2 1  x 15 

15 
'E ( s a t )  

vP '2 

None observed 

None observed 0.3 - 1 X 10 15 

-q vV degradation is delayed 0.1 - 1 x 10 15 

19 R~~ Some 0.3 - 1 x 1015 

k b  k 2 0  in   b iased   un i t s  

(Table  19) 1 B 2  (=d)(b)  None o5served - 
(Table  18) Ieo(b) l e s s  damage a t  higher   bias  - 
(Table  18) Ip (b )  None observed - l eve ls  

2N3980 18 -fl 

17 'E ( s a t )  

Less degradation See  Fig. 19 
fo r   b i a sed   un i t s  

None observed 1 - 3 x 1 0  15 

16 V Less degradation 0.1 - 3 x 1015 
P f o r   b i a s e d ' u n i t s  

15 vv 0.5 - 1 X 10 None observed 

14 RBB Some 1 - 5 x 1 0  15 

15 

(Table  19) IB.2 (mod) (b )  None observed 

(Table  17) Ieo None observed (b)  

(Table  17)  Ip(b) None observed - 
2N1671B 13 31 Some 0.3 - 5 X 10 15 

1 2  Some 0.1 - 3 x 10 15 

11 vP Less change 0.5 - 1 X 10 

10 Degradation is delayed, i n  0.02 - 0.2 x 10 VV 

15 

fo r   ze ro   b i a sed   un i t s  

15 

b i a sed   un i t s  

4 



Table  lb. 

- 

Approximate  r'luence 
Figure  Apparent  Level Where 

Part  NO Parameter  Bias Dependence  Channe i n   S i g n i f i c a n t  

9 RBB None t o  3 x 1014 0.3 - 1 x 1 0 ~ 5  

(Table  18) IP None Observed - 

(a)   Engineer ing  es t imate   without   regard  to   appl icat ion 
(b)  Pre- and post- i r radiat ion measurements only 

Table IC. Catastrophic   Fai lure  Summary 

Bias 
Device  Condition  Catastrophic  Failure(a) 

2N3484 Zero  bias 3 of 3 f a i l e d  by  6 x lOI5 efcm 
2 

(Annular  Planar  Construction) 12V b i a s  2 of 3 f a i l e d  by 1 x 10l6 2 
20V b i a s  None of 3 f a i l e d  by 1 x 1OfAc:/cm2 

2N3980 Zero b i a s  2 of 3 f a i l e d  by  7 x 1015 e/cm 2 2 (Diffused  Planar  Construction) 1 2 V  b i a s  1 of 3 f a i l e d  by 1 x 10l6 
20V b i a s  None of 3 f a i l e d  by 1 x 10f6Ct/cm2 

2N1671B Zero b i a s  3 of 3 f a i l e d  by 3 x 1015 efcm 
(Grown Junction  Construction) 1 2 V  b i a s  3 of 3 f a i l e d  by  7 x 1015 e/cm 

2 
2 

20V b i a s  3 of 3 f a i l e d  by 5 x lOI5 e/cm2 

( a )  Vv dissappeors and p a r t  no longer   acts   as   uni junct ion  device  (see  tables   in  
Section V for l eve l s  where  each  device  failed). 

5 



$11 DBVICE DESCRIPTION 

The t h ree   un i junc t ion   t r ans i s to r8  whore t e r m i n a l   c h a r a c t e r i r t i c r  were 
mearured on t h i r  program are i d e n t i f i e d  in Table 1. The 2N1671B u n i t  is a 
s i l i c o n   m i j u n c t i o n   t r a n r i r t o r  in which t h e  p n  junct ion i r  grown i n   t h e  mate= 
r i a l  dar ing  the  fabr icat ion  procerr .  The 2bI3780 u n i t  i n  a planar   device  with 
t h e  p n  junct ion  diffured  into  an n-type rubr t ra te .  The 213484 u n i t  1s an 
annular  planar  device which har a a e r i e r  of p t y p e   r i n g s  on  n-type material. 
The annular   conrtruct ion of t h i r  lat ter u n i t   r e r u l t r  in a device  type whose 
c h r r a c t a r i r t i c r  are more readi ly   reproducible  from u n i t   t o   u n i t   i n   t h e  manu- 
fac tur ins   p recess .  The b a r i c   c h r r a c t e r i r t i c r  of the   th ree   device   types  being 
conridered  here are i d e n t i f i e d  in Table 2. A t y p i c a l   c h a r a c t e r i s t i c   c u r v e  for 
t h e  class of devicer  under  conrideration i r  p r a r m t e d  in Fig. 1. 

Figure 1. Typic3 C h u r o k r i m t h  C u r w  for UnlJunction Transistor. 

6 



Table 2. Basic  Device  Characterist ics 

2N1671B 213980 2N3 484 
Parameter Max. Min. Max. Hin. Max. Hin . 

Interbase  Resis tance,  RBB Kohm 9.1 4.7 a 4 9.1 6.2 

Peak Point  Voltage, Vp V - 3.0 - 6 - - 
In t e rba re  Modulated Current,  IB2 (mod) ma 22 6.8 - 12 15 - 
h i t t e r  Saturation  Voltage,  VE ( sa t )  V 5 - 3 - 5.0 " 

I n t r i n s i c  Stand-off  Ratio, 

Emitter  Reverse  Current, I,, 
x - 0.62  0.47 0.82  0.68 0.85 0.50 

/ u a  -0.2 - 10-3 - 0.2 - 
Peak Point  Emitter  Current, IP /fA a 

6 - 2 5.0 - 



IV. TESTING METHODS 

A. Pre  and Pos t   I r rad ia t ion  Measurements 

A l l  t e s t   p a r t s  were c h a r a c t e r i z e d   p r i o r   t o   t h e   e l e c t r o n   i r r a d i a t i o n  and 
a f t e r   i r r ad ia t ion , and   s e l ec t ed   i n - s i tu  measurements were made. T e s t   c i r c u i t s  
were  assembled f o r  each  type  of measurement  performed. The t e s t   c i r c u i t s   u s e d  
a r e   i d e n t i f i e d  and discussed below. 

J. Interbase ResisLgDce (RB& In t e rbase   r e s i s t ance  measurements  were made by 
determining  the  voltage  drop  across t h e  t r ans i s to r   base  due t o  t h e  in jec t ion   of  
a cons tan t   cur ren t   in to  Base 2. Currents  of 0.01 ma and 0.1 ma were  used. The  
smaller   current   value was chosen  to l i m i t  the   vo l tage   d rop   across   the   t rans is tors  
t o  a few vol t s   as   the   in te rbase   res i s tance   increased   fo l lowing   i r rad ia t ion .  The 
va lue   o f   in te rbase   res i s tance  is t h e   r a t i o  of  measured vol tage  drop  to   the  value 
of in jec ted   cur ren t .  The t e s t   c i r c u i t  used is shown i n  Fig. 2. 

2. I n t r i n s i c  Stand-off Ratio ( r \  1. This measurement was made us ing   t he  cir- 
c u i t  shown i n  Fig. 3, a s tandard   2 i rcu i t   accord ing   to   mi l i ta ry   spec i f ica t ion  
MIGS-38103 (USAF). I n   t h i s  circuit ,  t he   un i junc t ion   t r ans i s to r   ope ra t e s   a s  a 
r e l axa t ion   o sc i l l a to r .  The peak vo l t age   a t   t he   emi t t e r   du r ing   ope ra t ion  is 
measured a s  a percentage  of  the  supply  voltage,   this  percentage  being t h e  stand- 
o f f   r a t i o 3 2  . A 100 microamp meter is f i r s t   a d j u s t e d   t o   r e a d   f u l l   s c a l e  when 
the   ca l ibra te   bu t ton   connec ts   the   measur ing   c i rcu i t   to  t h e  bias   supply,   the  de- 
flection  during  operation  being  read  as a f r a c t i o n  of f u l l   s c a l e .  

3. Peak Point  Emitter  Current w. This  quantity was measured us ing   the  cir- 
c u i t  of Fig. 4, a standard c i rcu i t  according  to mil i tary spec i f i ca t ion  MIGS- 
38103(USAF). With t h i s   c i r c u i t ,  R 1  is a d j u s t e d   u n t i l   t h e   t r a n s i s t o r   f i r e s ,   a s  
ind ica ted  by a sudden inc rease   i n  ammeter def lec t ion .  The cur ren t   read ing   jus t  
p r i o r   t o   t h i s   p o i n t  is  considered  to  be Ip. One d i f f i c u l t y   i n   u s i n g   t h i s  cir- 
c u i t  was found,  as  the  sett ing  of  potentimeter R 1  was changed,  the  current  in- 
dicated on the  meter is the  charging  current  of t h e  0.2 microfarad  capacitor.  
I n i t i a l l y ,   t h e  peak po in t   cu r ren t  is  very  small, and tended  to  be  obscur#ed by 
the  charging  current.  Very slow  adjustment  of R l  is  t hus   r equ i r ed   i n   o rde r   t o  
determine Ip of   the  devices   under   tes t .  

4. Emitter Reverse  Current (IeoL. T h i s  parameter was measured us ing   the  test 
c i r c u i t  of  Fig. 5 ,  with  a bias  supply of 10 vo l t s .  

5 .  Valley  VoltaRe rVv> Peak Point  Voltage (Vp).and Emitter Saturation  Voltage 
(VF (sat)L.  Valley  voltage,  peak  point  voltage,  and emitter sa tu ra t ion   vo l t age  
were  measured  using t h e  c i rcu i t  of  Fig. 6. In te rbase   vo l tage  was  t e n   v o l t s  and 
VE (sat)  was read a t  a 50 mill iamp  emit ter   current .  The da ta  were  recorded by 
photographic  techniques from the   osc i l loscope   t race .  

B. In-Situ Measurements 

A t e s t  system was constructed  to  perform measurements on the   i r r ad ia t ed  
uni junc t ion   t rans is tors .   Three   t es t   runs  were conducted ,   the   f i r s t   wi th   zero  
b i a s  on the   devices   dur ing   i r rad ia t ion ,   the   second  wi th  an in t e rbase   b i a s  of 

8 



of 10 volts, and the third with an interbase bias of 20 volts. Nine devices, 
three each of three types, were irradiated simultaneously in a linear array 
5 inches long by 1 inch wide in each test run. The  accelerator was operated 
in a sweep mode. The parts were mounted on a phenolic board supported in the 
electron beam, with two conductor shielded  cableo  connecting the parts  to  the 
test circuits. A blower  was used throughout the test to  cool the parts. 

The  following  parameters of each device were measured  after each radiation 
exposure. 

Interbase resistance, RBB 
Intrinsic stand-off ratio, y[ 
Valley voltage, Vv 
Peak point voltage, 
Emitter  saturation vo "P tage, VE (sat) 

Fig. 8 is a schematic  diagram of the test panel and interconnections to measur- 
ing instruments. During each radiation exposure, Switches S-1 through S-9, each 
associated  with  a different unijunction transistor, connected  the parts to the 
bias supply used  during irradiation. As measurements are conducted, Switch S-10 
connects the devices under test  to one of four test configurations. In each 
position of S-10, Switches S-1 through S-9 are used to successively  connect the 
transistors to Switch 10 and the  appropriate test circuit. Measurements  could 
be performed rapidly after each irradiation, with  negligible  time  for annealing 
to  occur. 

C. Dosimetry_ 

Dosimetry  measurements were conducted by GSFC using a Faraday cup  situated 
immediately below  the samples, and within  the sweep of the beam. The fluence 
levels used for each run are tabulated in Table 3. 

D. Equipment List 

The items of equipment used during the experimental part of the program 
are identified below: 

(1) Princeton  Power Supply Type TC=100.2AR, S/N 126 

(2) Cubic  Corporation  Digital  Voltmeter  Type V-70, S/N 304 

(3) Hewlett Packard Voltmeter-Ohmmeter-Aeter Type 412A, S/N 424-10531 

(4) Tektronix  Type 575 Curve Tracer, S/N 008029 

( 5 )  Tektronix Type 519 Camera  with case, S/N 001053 

(6) ltro Hewlett Packard Power  Supplies  Type 721A (Supplied by Goddard SFC) 

9 
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Table 3 . Electron  Fluxes  and  Fluences Used (E = 1.5 MeV) 

Unbiased  Devices 1 2 V  Bias 20V Bias 
Flux  Fluence  Flux  Fluence  Flux  Fluence 

12 

13 
1.25 x lo1’ 1.0 x 10 10 

10 

14 11 14  1.0 x 10 11 

15 

1.0 x 10 

1.0 x 10 
1.0 x 1010  1.0 x 1012 1.0 x 1010 

1.0 x 10 1.0 x 10 1.2> x 1.0 x 10 10  13  10 
1.0 x 10 

1.0 x 10 

1.0 x 10 2.85 x 10l1 

2.85 x 10 l1 3 x 10 7.0 x lo l1 3.0 x 10 15 

4.0 x 10 l1 5 x 10 7.0 x 10 l1 5.0 x 10 15 

l1 6 x 1015 7.6 x 10 7.0 x 10 7.0 X 10 7.0 x 10 

9.6 x 10 7 x 10 7.0 x 10 l1 1.0 x 10 15 7.0 x 10 

11 
1.0 x 10  1.0 x 10 1.0 x 10 3.4 x 1014 

11 1.0 x 10 1.0 x 10 7.0 x 10 7.0 x 10 

7.0 x lo 

7.0 X 10 5.0 x 1015 
15 

15 11 

15 11 

15 11 

11 15 11 7.0 x 10 

11 

15 

3.0 x 1015 

16 1.0 x 1016 



V e  HEASURED DATA 

The data presented in this  section  are accumu~ated from measurements 
taken during irradiation at the NASA-GSX Radiation  Effects Laboratory, and 
pre- and post-irradiation measurements at the Martin  Company  Radiation  Effects 
Laboratory in  Baltimore. Tables 4, 5 and 6 present preirradiation data on 
2N1671B, 2N3980 and 2N3484, respectively; Table 3 identifies the electron 
fluences levels used during the tests; Tables 7, 8 and 9 show in-situ data taken 
on devices being irradiated in an unbiased  condition,  with  tests being conducted 
at  1OV bias; Tables 10, 11 and 12 show a  similar  set of devices irradiated with 
a  bias level of 12V with measurements being taken using a 1OV positive bias; 
Tables 13, 14 and 15 show devices irradiated with a 2OV bias and measured at 
1OV bias; Tables 16, 17 and 18 show post-irradiation measurements of Ip and I,, 
taken at  1OV bias;  and Table 19 presents data on  IB2 mod . For ease of pre- 
sentation  selected  tables are divided into two parts ta aAd b) and In these 
instances the  fluence levels of  the former also apply to  the latter. 
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Table 4 . Pre i r rad ia t ion   Data  on 2H1671B Devices a t  1OV Bias - 

1 5.8  5.58  1.9 6.4 2.5 -580 4.5 x 10-10 -411<5 x Amps 

2 6.9 6.76 1.9 6.3  2.4  .570 6 . 4  x 

3  5.2 5.0 1.9 e.. 7 2.2 .610 2.95 x 10" 

4  6.8 6.68 1.8  6.2 2.1 .5 60 3.7 x 

5  7.8 7.53 2.8  6.6 3.2  .605 2.2 x 

6 6.0 5.85 2 . 9  6.7 3.4  ,615 1.74 x 

7 6.5 6.34 2.0 5.8 2.4 .530 1.15 x 

8 8.2 8.07 1 .7  6.1 2.1 .555 8 x 10-l1 

9 6.4 6.23 1.9  6.6 2.5  .605 1.25 x 

10 7 . 2  7.07 2.0 6.0 2.4  .555 1.2 x 

11  6.6 6.38 1.9  6.4 2.4 .575 6.4 x 10 

12  5.2 5.06 2.0 5.5 2.4  .495 3.4 x 1G 

-1 1 

10 



Table 5 . Preirradiation  Data on 2N3980 Devices at  1OV Bias 

RBB 
I I 

Device (K-ohm) ' VV 
Number .01 ma .1 ma (Volts)  (Volts) 

vP "E ( s a t )  
eo P 

(Vol tS 1 72 ( 10-l~ amp)  (amp) 

1 5.8  5.7  1.3  7.6  1.7 .760 5.4 ~ 1 1  c 5 x 10-8amp 

2 4.5  4.39  1.4  7.6  2.6 .800 6.1 

3 7.3 7.25  1.4  8.3  1.7 .a02 3.5 

4 4.6  4.45  1.3  7.6 

5 6.6 6.5 1.3  8.0 

6 4.5 4.45 1.5  7.8 

7 5.6 5.64 1.3  7.6 

8 7.5 7.33 1.6  8.0 

9 4.5 4.38 1.3  7.6 

10 6.9 6.8 1.6  7.9 

1.8 .730  3.5 

1.6 .772 8.2 

1.9 .735 5.2 

1.9  .74a  6.2 

1.9 .7co 7.4 

1.8 .720 4.0 

2.0 ,745 9.5 

11 5.9  5.8  1.3 8.0 1.6 .765 3.8 

12  6.8  6.59  1.3  8.2  1.6 .785 2.7 



Run 
U" 

Device (K-ohm) VV vP 
Number .01 ma .l ma (Volts) (Volts) 

1 5.8 

2 6.9 

3 5.2 

4 6.8 

5 7.8 

6 6.0 

7 6.5 

8 8.2 

9 6.4 

10 7.2 

11 6.6 

12  5.2 

5.58 

6.  76 

5.0 

6.68 

7.53 

5.85 

6.34 

8.07 

6.23 

7 .O? 

6.38 

5.06 

1.9  7.8 

2.0 7.9 

4.4 8.8 

2.1 8.1 

2.1  7.9 

1.4 8.2 

1.5 7.9 

1.3  8.2 

2.7 8.0 

1.5  7.8 

1.4 8.4 

1.7 7.9 

2.8 

2.1 

4.4 

2.2 

2.2 

2.1 

2.1 

1.9 

4.7 

2.2 

1.9 

2.5 

.730 

.730 

.a10 

.750 

,750 

. 7 7 0  

.740 

,760 

.750 

, 7 2 0  

.780 

.735 

4.9 ~ 1 1  < 5 x amp 

79 

25 

4.2 

7.5 

4.8 

2.7 

4.6 

3.9 

4.5 

2.2 

8.7 



Table 7 a  . IN SITU Data  on 2N1671B (Devices 4. 5 and 6) Exposed at  OV Bias a n d d  at 1OV B j p b  

RRB (.O1 ma) KBB (.I ma) 
Electron ( K-o hm) 
Fluence 

(K- ohm) 
4 5 6 Avg . 4 5 6 AVP, 

* 

1.0 x LO 

1.0 x 10 

1.0 x 10 

1.0 x 10 

3.0 x 10 

12 

13 

14 

15 

15 

5.0 x 

6.0 x 10 

7.0 x 10 

A l l  Night 
Anneal 

15 

15 

7. 

7.1 

8.0 

90.3 

1290!*) 

394. (3)  

3000. (3 )  

” 

280. ( 3 )  

7.4 5.7 

7.3  5.8 

8.4 7.3 

64.62 16.8 

64 07J2)  6000.(3) 

760, ( 3 ) ~  7000. (3  1 

8740. ( 3 )  640OJ3) 

(1 )  

6.7 6.89 

6.7 7.03 

7.9 7.97 

77.4 - 
- - 
“ I 

” I 

- - 
” - 

7.39 

7.23 

8.36 

- 
I 

I 

- 
- 
” 

(1) Measured at  .005 ma and not  included  in  average 
(2 )  Measured at  .002 ma and not  included  in  average 
( 3 )  Measured a t  ,001 ma and not  included  in  average 



N 
0 Table 7b. 

vv ( v o l t s )  VP ( v o l t s )  VE (void ( s a b  -12 
4 5  6 Avg. 4 5 6 Avg. h 5  6 Avg. 4  5 6 AVg. 

~ . 8  2.8 3.0 2.9 6.3 6.7 6.8 6.6 2.2 3.3  3.4  3.0  .565 .605 .615  a594 

1.9 3 .O 3.2 2.7 6.3 6.7 b.8 6.6 2.3 3.4 3.6 3.1 .57 .605 .615  ,597 

2.7 4.2 5.3 4.1 6.2 6.6 6.9 6.6 3.4 5.2  6.9 5.2 .565  .605 .625 .599 

5.2 5.6 -- 5.4 5.6 6.4 - 6.0 12.4 12.8 13.6 12.9 .425  .490 .7w) .743 

” ” ” - - - - - l3 .6  13.6  13.6 1306 .650 .825 .7M  .703 

” - - - -  ” - I -- 14.6  14.8  16.4 l5-5  .635  .765  -71  .682 

- - ” ” - -- - 18.2 19.13 17.0 18.2 -615  .740  .690 .680 

- ” - - ” - -- - 17.16 19.4 1 7 . 2  17.9 .620 .735 .685 .662 



(K-ohm) 
Electron  .01 ma . l  ma "v ( v o l t s )  
Fluence  4  5 6 A%* 4  5  6 Ava. 4 5  6 Avg . .- ""- 
1.0 x 1012 4.0 5.7  4.0  4.6  4.0  5.65 3.98  4-54  1.4 1.3  1.5 1.4 

1.0 x 10 3.4  4.8 3.4 3.9 3.36 4.78  3.32  3.49  1.3  1.3  1.4 1.3 

1.0 x 10 2.7 3.5 2.6 2.9 2.64  3.53  2.63  2.90 1.3 1.3  1.4 1.3 

13 

14 

1.0 x 2.7 4.0 2.7 3.1 2.64 4.02 3.66  3.11 2.2 2.0  2.5 2.2 

3.0 x 10 3.0 43.0, 3.0 3.0 3.01 42.12*  2.98  3.00  4.1 - 4.6 4.4 

5.0 x 10 5.4  179.* 5.6 5 . 5  5.38 I 5.56  3.65 2.2 - 2.3 2.2 

6.0 x 10 4.2  311.* 5.2 4.7  4.19 I 5.14 3.11 4.2 I 4.4  4.3 

7.0 x 10 5.4  524.* 8.1 6.7 5.31 - 8.07  4.46  4.0 - - 4.0 

A l l  Night 5.6 550.* 8.7 7.2 5.59 " 8.63 4.74 5.6 " - 5.6 

15 

15 

15 

15 

Anneal 

Note: *Not included in average 



Table &. 

'p ( v o L t 6 )  VE (sat) ( v o l t s )  s 
4 5 6 Avg. 4 5 6 Avg . 4 5 6 AVg 

7.5 7.8 7.6 7.6 1.8 1.6 1.8 1.7 .705 .740 .710 .718 

6.8 7.2 7 - 0  7.0 1.7 1.6 1.9 1.7 .635 ,675 .640 .650 

5.9 5.9 6.0 5.9 1.8 1.6 2.0 1.8 .550 .550 ,550 550 

5.7 5.0  5.8 5.5 3.2  3.1  3.6 3.3 ,525  .455 .525 .502 

5.5 - 5.4 5.4 5.8 - 6.7 6.2 .495  .120  .480 e 3 6 6  

2.5  -- 2.4 2.4 6.8 - 8.5 7.6 -625 .220 .605 .484 

4.6 - 4.4 4.5 15.2 " 18.0 16.6 ,380 ,145 .345 .290 

4.4 - - 4.4 16.6 - -- 16.6 .340 .150 ,280 .257 

5.0 - - 5.0 11.4 " " 11.4 .340 .I60 .280 260 



Table  9a. IN SITU Data on 2N3484 (Devices  4, 5 and 6)  Exposed at  OV Bias and  Measured a t  1oV Bias 

RBB RBB 
Electron (K-ohm) (K-ohm) vv ( v o l t s )  
Flucncc 4  5  6 Avg . 4  5  6 AVR . 4 5 6 AVg 

1.0 x  1012  5.8  6.4 5.9  6.0  5.80  6.43 5.91  6.05 2.2 2.1 1.4. 1.9 

1.0 x 5.7  6.4 5.9  6.0 5.80  6.42  5.92  6.05 2.2 2.1 1.4 1.9 

1.0 x 10 5.9  6.5  6.0 6.1  5.97 6.58 6.03  6.10 2.5  2.5 1.6 2.2 

1.0 x 10 6.8 7.3 6.8  7.0  6.88  7.43 6.86 7.06  6.8 4.8 2.8 4.8 

14 

15 

3.0 x 8.8 8.9  8.3 8.7 8.89  8.97  8.40  8.75 n 3.3 5.6 1.0 

15 

15 

5.0 x 10 11.2 11.1 10.4  10.9  11.24 11.18 10.43 10.95 6.6 6.8 6.7 

6.0 x 10 10.3 10.1  9.3  9.9  10.37  10.23  9.41 10.00 - - 6.8 6.8 

7.0 x 1015 10.7 10.5  9.6  10.3  10.77  10.57  9.73  10.36 n - - - 
A l l  Night 10.5 10.4  9.6  10.2  10.72  10.5  9.70  10.31 - - - - 

Anneal 

w 
N 



Table 9b. 

VE (sad ( 
4 4 AVR . AVR . 3 Avg . 4 3 6 Avg. 

1.9  8.3  8.1  8.4  8.3  2.3 2.2 2.2 2.2 .765  .750  .775  .764 

volts) n 

1.9  8.3  8.1  8.3  8.2  2.3  2.3  2.0 2.2 .770  .755  .780  .770 

2.2 8.1 8.0 8.3  8.1  2.6  2.6  2.3  2.5 .750  .740  .770  .753 

4.8  7.6  7.6  7.8  7.7  8.0  5.6 5.2 6.3 .695  .700  .720  .705 

3.0 I 3.5  7.2  5.4 I 14.4 14.4  .610  .620  .640  .620 

6.7 ” 6.6  6.8  6.7 - - - .655  .680  .695  .677 

6.8 - 6.8  6.8 - - ” I .630  .635  .650  .638 I 



Table loa. IN SITU Data on 2K1671T; (Devfces 7. 8 and 9 )  Rxposed a t  12V bias and Measured a t  1OV Bias - 

1.25 x lo1’ 5.4 6.3 4.9 16.6  5.34 1 . 2 7  4.38 5.29 

1.25 x 10 13 4.8 5.5 4.2 14.5 4 . : 2  5.13 4.08  4.64 

1.0 x 5.0 5.5 4.0 4.5 4.88 5.35 3.94  4.72 

1.0 x 10 15 12.2 35.2  9.3 56.7 12.44 36.63 9.48 10.95 

3.0 x 10 15 88. 146.6 32.5 ” - 31.88 31.88 aa. 7 

5.0 x 10~5 115. 23G. 38.1 128.0 ” - 36.57  36.57 

7.0 x 10 15 148. 376. 52.6 192.2 ” ” 55.04  55.04 

1.0 x 10 16 221. 644.  64.8 310.3 ” I 69.55 69.55 

All Night 286.2 540. 125.5 317.2 ” - ” 
- 

Anneal 



Table  loa. 

vv ( v o l t s )  v, ( v o l t s )  VE ( s a t )   ( v o l t s )  rt 
7 8 9 AVg 7 8 9 AVg 7 8  9 AVg 7 8 9 A v ~ .  

1.8 

1.4 

1.6 

3.8 

- 
4.0 

- 
- 
- 

1.4 1.4 

1.4  1.4 

1.6  1.5 

4.1  3.8 

6 .4   4 .4  

- 
- 0 

- - 
- - 

1.5 

1.4 

1.6 

3.9 

5.4 

4.0 

0 

- 
- 

4.6 5.4 5.4 

4.1 5.0 4.8 

4.2 4.8 4.5 

4.5 6.0 4.2 

- 7.0 6.4 

7.2 - - 
- - - 
- - - 
- - - 

5.1 

4.6 

4.5 

4.9 

6.7 

7.2 

- 
- 
- 

2.2 

2.0 

2.2 

- 

- 
L 

2.0 

1.9 

2.1 

- 
14.6 

17.8 

- 
- 
- 

2.0 

2.0 

2.2 

- 
13.2 

14.4 

15.0 

16.6 

18.0 

2.1 

2.0 

2.2 

- 
13.9 

16.1 

15.0 

16.6 

18.0 

.380 .470  .430 

.345  .440  .440 

,370  .420  .390 

-335  -365  e330 

.735 .595  .410 

.465 . a 0  -445 

-480 -600 -460 

-495  -600  -455 

-560 e 6 4 0  e605 

.427 

2 9 9  

3 9 4  

.344 

.580 

. 507 

-513 

0517 

.602 



I 

1.25 x 10 

1.25 x 10 

1 2  

13 

5.1  6.4 4.0 5.2 4.94 6.33  3.9 5.06 

4.4  5.6 3.6 4.5 4.28  5.45  3.52 4.42 

1.0 x 1014 4.2 5.3 3.6  4.4  4.02  5.11 3.41  4-18 

1.0 1 0 ~ 5  4.0  5.2  3.6  4.3  3.88  5.11  3.5  4.16 

3.0 x 4.4  6.1  4.0  4.8 (8.31 5.96 3-94 4.74 

5.0 x 1 0 1 ~  4.3  6.1 4.0 4.8 4.23 6.0 3.94  4.06 

7.0 x .4.9 7.7 4.9 5.8 4.89  7.69  4.88 5.82 

1.0 x 10 16 
8.7  15.8 11.1 11.9 8.38  15.99 11-11 11.83 

A l l  Night 
Anneal 

8.2  15.1  9.7 11.0 8.22  15.28 9-75 11.08 



Table l l b .  

vv ( v o l t s )  v, ( v o l t s )  VE ( sa t )  ( rp 
7 

volts) 
8 Avp, . 7 Avg . 1 8 9 Avg . 7 8 9 Avg. 

1.4  1.6  1.6  1.5  7.2  7.8  7.4  7.5  1.8 2.0 1.8 1.9 .72Q  .730  .700 .720 

1.2  1.5 1.3 1.3 6.8  7.0  7.0  6.9  1.8 2.0 1.8 1.9 .6iO .6/0 .660  .666 

1.2 1.5 1.4 1.4 6.6 6.7 6.8 6.7 1.7 2.0 1.8 1.8 .640 .640  .640 .640 

2.1 2.2 2.1 2.1 6.5 6.6 6.7 6.6 3.0 3.3 3.1 3.1 .615 .615  .635 .622 

3.6 3.6 3.2 3.5 6.2 6.2 6.2 6.2 7.4 7.8 b.6 7.3 .585 .575  .615 .592 

4.6 4.4 4.8 4.6 5.8 5.6 6.0 5.8 14.0  15.2  13.0 14.0 ,515 .485  .545 .515 

4.6 4.2 4.6 4.5 5.0 4r6 5.2 4.9 19.6 20.4 18.6 19.6 ,400 .360 ,405 .388 

- 6.0 6.4 6.4 - 6.0 6.8 6.4 "e - .300 .270  .260 .276 

- 5.6 - 5.6 I 5.6 - 5.6  16.6 - - 16.6 ,315 .280  .275 .290 

" 



Tablel2a. I N  SITU Data on 2N3484(Devices 7 ,  8  and 9 )  Exposed a t  12V Bias and  Measured a t  1ov Bias 

RBB (.01 ma) RBB (. 1 ma) 
Electron (K-ohm) ( K - O h d  
Fluence 7 8 4 A%. 7 8 9 Avg . 
1.25 x 10l2 

1.25 x 

1.0 x 10 14 

1.0 x 1015 

3.0 x 10 

5.0 x 10 

7.0 x 10 

15 

15 

15 

1.0 x 1016 

A l l  Night 
Anneal 

5.8 

5.8 

6.0 

6.5 

7.6 

8.1 

8.6 

9.4 

9.4 

5.8 7.5 

5.8 7.5 

5.9 7.7 

6.4 8.4 

7.4 10.1 

7.9 11.0 

8.4 11.7 

9.2 12.7 

9.3 12.8 

6.4 

6.4 

6.0 

7.1 

8.4 

9.0 

9.6 

10.4 

10.5 

5.77 

5.7t. 

5.83 

6.41 

7.53 

8.06 

8.59 

9.35 

9.43 

5.73 

5.73 

5.77 

6.28 

7.27 

7.75 

8.21 

9.07 

9.25 

7.56 6.35 

7.49 6.33 

7.66 6.42 

8.5 7.06 

10.16 ' 8.32 

11.07 8.96 

11.9 9.24 

13.04 10.45 

12.92 10.53 



w 
0 

Table 12b. 
- -. .. -, .. . - 

1.6 

1.6 

1.6 

3.0 

5.2 

6.0 

6.4 

6.8 

6.8 

1.4 

1.4 

1.4 

2.6 

5.2 

6.6 

7.2 

” 

8.2 8.3 2.0 

8.2 8.3 2.0 

8.2 8.3 2.0 

7.7 7.8  4.7 

7.0 6.6 22.0 

- 7.3 - 
” 7.2 - 
- 6.8 -- 
-- 7.0 - 

1.8 

2.0 

2.0 

4.3 

- 

2.8 2.2 

2.8 2.3 

3.0 2.3 

12.1 7.0 

18.2 20.1 

12.0 12.0 

- ” 
- ” 

.76 

.765 

.765 

.735 

.675 

.66 

.645 

.635 

,635 

.775 

.775 

.775 

.745 

.695 

.680 

.670 

.685 

.685 



Table  13s IN SITU Data on 2N1671E (Devices 10, 11 and 12) Exposed a t  20V Bias and Measured a t  1oV Bias - . .- ”_ - - 
RBB 
(K-ohm) 

Electron  .01 ma . l  ma VV 
Fluence 10 11 12 AVg. 10 11 12 AVg. 10 11 12 AVg. 

- 

1.0 x 1012 6.4 6.3 5.3 6.0 6.3  6.02 5.1 5.81  1.8 1.8 2.0  1.9 

1.0 x 10 13 5.7 5.7  5.3  5.6  5.34  5.95  5.1 5.29 1.7 1.7 1.8 1.7 

3.4 x 1 0 1 ~  8.0  8.5  11.2  9.2  7.64 8.4  10.96 9.00 3.0 2.7  3.0  2.9 

1.0 x 10 23.1  25.7  124.1  86.4  24.4  26.99 - 25.69  3.6  3.6  4.2  3.8 

3.0 x 10 105.2 40.9 430.6  19.2 -- 45.38 -- 45.38 4.0 - - 4.0 

15 

15 

5.0 x 1015  207.6  43.6  519.0 256, I 51.68 I 51.68 -- - ” 
7.0 x 10 320.0  47.2 476.7  285. 56.99 - 56.99 - - - 
1.0 x 10 509.4  62.0  479.6  350. ” 78.83 I 78.89 - - “ 

15 

16 



W 
N Table  13b. 

vp ( v o l t s )  ( s a t )  ( v o l t s )  i 
10 11 12  Avn. 10 11 1 2  AVR. 10 11 1 2  Avrt . 
5.2 5.5 5.0 5.2 2.4 2.4 2.5 2.4 .470 .490 ,435 .465 

4.3 4.3 4.2  4.3 2.3 2.3 2.4 2.3 ,375 .380 .365 .374 

5.1 4.1 5.0 4.8 4.6 4.2 4.6 4.5 .450 .345 .440 .412 

5.1 5.8 6.5 5.8 - - ” - .310 .285 . 370  .322 

9.0 ” 
” 9.0 - - 11.6 11.6 .440 .360 .480 .426 

” ” ” 14.6 13.2 12.4 13.4 .435 .350 .465 .417 

” ” ” - 1.6.0 14.0 12.4 14.1 .435 .345 .460 .414 

I - ” - - 14.8 12.8 13.8 ,420 .325 ,460 .402 



Table 14a. IN SITU Data on 2N3980 (Devices 10, 11 and 12) Lxposed a t  20V Bias and  Measured a t  1OV Bias 

RBB 
(K-ohm) 

Electron .01 ma .1 ma vV 
Fluence 10 1 1  12 AM. 10 1 1  12 AVg. 10 11 12 Avg. 

1.0 x 10 6.4 5.5 6.1 6.0 6.25 5.36 5.9  5.84 1.6 1.3 1.4  1.4 

" 

12 

1.0 x 5.9 5.0 5.5 5.5 5.72 4.8 5.31 5.24 1.6 1.3 1.3 1.4 

3.4 x 5.6 4.3 4.8 4.9 5.39 4.09 4.64  4.71 1.8 1.7 1.7 1.7 

1.0 x 10 5.7 4.4 4.0 4.7 5.57 4.18  3.92  4.56  2.4  2.0  1.9 2.1 

3.0 x 10 6.4  4.6 5.3 5.4 6.32 4.48 5.12 5.31 4.0  3.4 3.8 3.7 

5.0 x 10 7.6 5.1 5.7 6.1 7.45  4.94 5.65 6.01  4.4  4.6  5.0  4.7 

7.0 x 10 

15 

15 

15 

15 
9.7 5.6 6.3 7.2 9.62 5.47  6.18  7.09  4.2  4.8 5.2 4.7 

1.0 x 10 18.4 8.8 8.1 11.8  17.64  7.77  7.64  11.02 3.2 4.0  4.4  3.9 16 

W 
W 



w 

Table 14b. 

vp  ( v o l t s )  "F (sgt) (Volts) h 
To 11 1 2  AVg. 10  11 1 2  AVP . 10 11 12 Avg . 
7.5 7.8 

7.2 7.4 

6 . 8  6.6 

6.7 6.5 

6.2 6.4 

5.6 6.0 

4.8 5.6 

12.0 6.2 

7.8  7.7 2.0 

7.5  7.4 2.1 

7.0 6.8 2.5 

6.8 6.7 3.6 

6.8 6.5 8.4 

6.4 6.0 16.4 

6.0 5.5 - 
5.0 7.7 - 

1.7 

1.6 

2.7 

2.9 

6.2 

11.6 

16.8 

23.2 

1.6 

1.7 

2.4 

2.6 

6.2 

12.0 

18.2 

- 

1.8 .705 

1.8 -675 

2.5 ,635 

3.0 -625 

6.9 .565 

13.3 .390 

17.5 .350 

23.2 -275 

.745 

.710 

.615 

.610 

.585 

.545 

.485 

.34 

.750 

.715 

.665 

.625 

.640 

.595 

.455 

.410 

.734 

.702 

.639 

.620 

3 9 7  

.510 

.430 

.342 



Table  15a. IN SITU Data on 2N3484 (Devices  10, 11 and 12)  Exposed a t  20V Bias  and Heasured at  IOV Bias 

RBB 
(K ohm) 

Electron  .01 ma . l  ma 
Fluencc 10 11 1 2  A%. 10 11 12 Avg . 10 11 1 2 .  Avg. 

VV 

1.0 x 1012 

1.0 x 10 

3.4 x 10 

13 

14 

1.0 x 1015 

3.0 x 1015 

5.0 x 

7.0 x 1 0 ~ 5  

1.0 x 1016 

6.7 6.2 

6.7 6.2 

7.0 6.4 

7.3 6.8 

8.4 7.7 

9.0 8.4 

9.5 8.8 

11.4 10.6 

7.5 6.8 

7.4 6.8 

7.9 7 -1  

8.4  7-5 

9.6 

10.4 9*3 

10.8 9.7 

12.3  11.4 

6.62 

6.55 

6.86 

7.22 

8.37 

8.97 

9.42 

- 

6.11 

6.08 

6.3 

6.65 

7.66 

a. 27 

8.71 

9.33 

7.48 

7.39 

7.84 

8.34 

9.61 

10.31 

10.83 

11.56 

6.74 

6.67 

7.00 

7.40 

8.55 

7.18 

9.65 

10.45 

1.5 1.4 1.7 1.5 

1.6 1.4 1.7  1.6 

1.9 1.8 2.0 1.9 

2.5  2.2 2.7  2.5 

4.0 4.6 4.4  4.3 

5.0 5.6 5.6  5.4 

5.8 6.4 6.2  6.1 

6.4 6.4 6.6 6 -5  



W 
Q, 

Table 15b. 

8.0 8.1 8.0 8.0 2.3 1.9 2.6 2.3 .735 .785 .745 .756 

8.0 8.0 8.0 8.0 2.3 2.0 2.5 2.3 .740 .790 .75 .760 

7.8 8.0 7.8 7.9 2.8 2.6 3.3 2.9 .725 .780 ,725 .744 

7.6 8 .2  1.6 7.8 4.1  4.0 5.0 4.4 .7  10 .760 .7 .723 

7.0 5.6 7.0 6.5 12.6 I 16.6 14.6 .640  .700 .665  .667 

7.0 7.6 6.8 7.1 - I - ” .62S .680  .615 .640 

6.8  7.4 6.8 7.0 I ” ” 
” .620 .670 .605  .632 

6.8 6.8 6.6 6.7 ” - ” ” .75  .655 .5Y5 .615 



Table 16 . Post  Irradiation Xeasurements on 21<16 i lB  a t  1OV Bias 

Electron Teo IP 
Number FLugnAe - ( l F G z a  amps 1 

1 0 1.0 

2 0 9 .o 

3 0 32 

4 7.0 x 3 700 

5 7.0 x 10 
15 

15 

100 

1400 6 7.0 x 10 

14 x 

L 

I1 

I1 

7 1.0 x 10 77.  I1 

8 1.0 x 1016 120. 11 

16 

9 1.0 x 10 

10 1.0 x 10 

16 

16 
46. 

99 

11 

11 

11 1.0 x 1016 40 11 

12 1.0 x 10 16 45 11 

Note: Measurement made i n  Martin Laboratory 



Table 17 . Post Irradiation Measurements on 2N3980 a t  1OV Bias 

Device Electron Ieo IP 

Number Flu enc e (- IC-’ amps) (amps) 

1 0 .048 5 x 10-8 

2 

3 

0 

0 

.065 

.026 

5 x 10-8 
-8 

5 x 10 

4 7.0 x .081 E-B Lead Open 

5 7.0 x 10 15 . 3  E-B Lead  Open 

6 7.0 x 10 .3 15 
1.0 x 

7 1.0 x 10 16 1.75 1.0 x 10 
-7 

a 1.0 x 1016 1.2 2.4 x 10“ 

9 1.0 x 10  16 2.5 1.0 x log6 

10 1.0 x 10 

11 1.0 x 10 

12 1.0 x 10 

16 

16 

16 

1.5 1.0 x 

5.0 x 

1.0 x 10” 

37. 

1.85 

Note:  Measurements made in Martin  Laboratory 



Table 18 . Post Irradiation  Measurements on 2N3484 at ZOV Rlas 

Device Electron J eo IP 
Number ~c!!!s!!S.-.”- ( IO” amps) ( 10” amps) 

1 0 .51 d 5  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0 

0 

7.0 x 10 

7.0 x 10 

7.0 x 10 

15 

15 

15 

1.0 x 1016 

1.0 x 10 

1.0 x 10 

1.0 x 10 

1.0 x 10 

16 

16 

16 

16 

7 .9  

2.5 

1.25 

1.2 

1.45 

1.75 

1.85 

1.45 

1.3 

1.45 

- 5  - 10 

5 5  

5 

5 

5 

5 

5 

5 

5 

12 1.0 x 10 1.55 5 5  16 

W co 

Note: Measurements  made in Martin  Laboratory 



cp 
0 

Table 19. Measurements of 1 ~ 2  (mod) 

Device Electron IB3 (Mod) a t  1ov Bias (na)  ‘B2 (Mod) a t  20V Bias  (na) 
Number Fluence 2N1671B  2N3980 2N3484 2N1671B 2N3980  2133484 

1 0 15.2 12.5 3.9  17.8 14.5 7.9 

2 0 15.2 12.8 3.5 17.5 14.7 7.7 

3 0 15.2 12.3 2.8 17.5 14.2 7.5 

4 7.0 x 1015 - - - .18 c .02 .9 

5 7.0 x 10 5 - - .09  .16 1.0 

6 7.0 x 10 - - - .01 2.6 1.1 

7 1.0 x 10 - - - .035 2.0 1.4 

8 1.0 x 10 I - ” .06  1.4 1.3 

9  1.0 x 10 ” - - .09 1.8 .8 

10 1.0 x 10 - - - .09 1.7 1.2 

11 1.0 x 10 - ” - .28 2.4 1.. 5 

1 2  1.0 x 10 - - I .18 2.7 1.0 

15 

15 

16 

16 

16 

16 

16 

16 

Note:  Measurements made in  Martin  Laboratory 



V I .  DATA ANALYSIS 

The measured da ta   as   t abula ted   in   the   p rev ious   sec t ion   a re  summarized i n  
graphical  form,  Figures 9 through 24 ,  i n   t h i s   s e c t i o n   o f   t h e  test report .  These 
plot ted  data   represent   averages  of  measurements  on three  devices  of  each  type 
where appropriate  and as   indicated  in   Sect ion I V .  The curves  through  the  data 
points   in   the  referenced  graphs  represent  a v i s u a l   f i t .  The emphasis on t h i s  
program was placed on obtaining  experimental  data  of  device  performance when ex- 
posed t o  1.5 Mev e l ec t rons  and  no attempt is made t o   r e l a t e  measured  changes in  
device  terminal   propert ies   to   microscopic   mater ia l  or junct ion  propert ies   of  
the  device. The following  paragraphs  identify  where t h e  d a t a   f o r  each  para- 
meter   a re   p lo t ted   o r   t abula ted  and a sumnary o f   t h e   r e s u l t s  is  given  in   Sect ion 11. 

A. 2N1671B 

Figures Y-13 are  plots  of  the  average  values  of  device  parameters  verus  elec- 
t ron  f luence where  Fig. 9 shows in t e rbase   r e s i s t ance ;  Fig. 10 val ley   vo l tage ;  
Fig. 11 peak point  voltage;  Fig.  11 peak point  voltage;  Fig.  1 2  emi t t e r   s a tu ra t ion  
vol tage;  and  Fig. 13 i n t r i n s i c  stand-off  ratio.   In  addition,  Table 10 shows in- 
terbase  modulated  current  and  Table 18 emi t te r   reverse   cur ren t  and  peak point  
emit ter   current   before  and a f t e r  exposure. 

B. 2N3980 

Figures .14-18 a r e   p l o t s  of the  average  values  of  device  parameters  versus 
e lec t ron   f luence  where  Fig. 14 shows in t e rbase   r e s i s t ance ;  Fig. 15 val ley   vo l tage ;  
Fig. 16 peak poin t   vo l tage ;  Fig. 17 emi t te r   sa tura t ion   vo l tage ;  and  Fig. 18 in= 
t r i n s i c  stand-off  ratio.  Table 19 shows interbase  modulated  current  and  Table 17 
emit ter   reverse   current  and peak point   emit ter   current   before   and  af ter   exposure.  

C. 2N3484 

Figures 19-23 a r e   p l o t s  of the  average  values  of  device  parameters  versus 
e lec t ron   f luence  where  Fig. 19 shows in te rbase   res i s tance ;  Fig. 20 va l ley   vo l tage ;  
Fig. 2 1  peak point   vol tage;  Fig. 22 emi t te r   sa tura t ion   vo l tage ;  and Fig. 23 in- 
t r insic   s tand-off   ra t io .   Table  19 has  tabulated  interbase  modulated  current and 
Table  18  emitter  reverse  current and  peak poin t   emi t te r   cur ren t   before  and a f t e r  
exposure. 
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17 Zero Bias (Ref. Table 8 

0 12 Volt Bias (Ref. Table 10) 

A 20 Volt Bias (Ref. Table 13) 

i 



/ 
0 12 Volt Bias (Ref. Table 10) 

A 20 Volt Bias (Ref. Table 13) 

Electron muerxe, $9 e/cm2 (E-1.5 MeV) 

10. Valley Voltage (V,) veraus  Electron Fluence f o r  2N1671B. 



Electron  Fluence, le, e/cm2 (E-1.5 MeV) 

Figure 11. Peak Point Voltage (V,) versus  Electron Fluence f o r  2N1671B. 







P 
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Electron Fluence, ge, e/cm2 (F~l.5 Wev) 

Figure 14. Interbaee Resiskmce (RBB) versus nec t ron  Fluence for 2N3980. - 



Zero Bias (Ref. Table 7 ) 

0 12 Volt Bias (Ref. Table 11) 

A 20 Volt Bias (Ref. Table l.4) 

i; 
/" 

n /  

Electron  Fluence,  He, e / c d  (E=1.5 MeV) 

Figure 15. Valley Voltage (V,) versus Electron Fluence fo r  2N3980. 



0 Zero Bias (Ref. Table 7 

Electron Fluence, Pe, e/cm2 (Er1.5 MeV) 

Figure 16. Peak Point  Voltage (Vp) versus  Electron  Fluence for 2N3980. 



cn 
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Elm tron Fluence, $e, e/cm* (E-1.5 MeV) 

Figure 17. Emitter Saturation Voltage ( V E ( ~ T ) )  versus  Electron Fluence for 2N3980. 

i 







Electron Fluence, $e, e/m2 (E11.5 Hev) 
Figure 20. Valley Voltage (V,) versus  Electron Fluence for 2N3484. 
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Zero Bias (Ref. Table 9) 
0 12 Volt Bias (Ref. Table 12) 
A 20 Volt Bias (Ref. Table 15) 
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Ebltter Reverse  Current, I,, IDI 

figure &. Emitter Current versus Emitter Voltage for 2N3484 #6 at  Zero Volt Bias. 


